In this issue, we highlight the results and significance of manuscripts involving immunohistochemical analysis of various proteins in human intestinal epithelial cells and bone marrow-sourced osteoclasts, guinea pig cochlear hair cells, and bipolar cells of zebrafish retina.
Copious quantitative immunohistochemical data to digest
The neuropeptide alarin, a member of the galanin family (Sipkova et al. 2017) , plays a role in a number of physiological responses, including as an endocrine and anti-inflammatory agent. This led Jabari and colleagues (Jabari et al. 2019) to investigate its immunohistochemical localization in human intestinal epithelium, paying special attention to enteroendocrine and Paneth cells. Multilabel immunohistochemistry with cell-type-specific markers, followed by quantitative analyses, was performed to determine the numbers of alarin-positive cells, eneteroendocrine cells and Paneth cells as a proportion of total epithelial cells (see cover image). By combining up to three different cell-type-specific antibodies with the anti-alarin antibody, followed by cell counting, the authors were able to determine the following staining patterns: (1) in the small intestine, the largest proportion of alarin-positive cells was determined to be Paneth cells at the base of the crypts, and a smaller percentage was likely enteroendocrine cells; and (2) in the large intestine, staining for alarin was found co-localized to differing degrees with markers for specific subsets of enteroendocrine cells. This was a very carefully performed and analyzed study, resulting in robust quantitative data concerning the expression of alarin in Paneth and enteroendocrine cells along the human small bowel. Further studies will be required to investigate the precise physiological role exerted by alarin in human intestinal epithelial cells in both health and disease.
Osteopontin-osteoclast collaboration in bone resorption
The fine balance between bone formation by osteoblasts and bone resorption by osteoclasts is essential for bone homeostasis under physiological conditions (Ono and Nakashima 2018) and is disturbed in diseased states (Kitazawa et al. 2018) . The large, multinucleated osteoclasts degrade the bone matrix by secreting H + , Cl − , cathepsin K and matrix metalloproteinases (Edwards and Mundy 2011) . Osteopontin is a cell surface-associated and bone matrix-located non-collagenous sialylated and multiphosphorylated glycoprotein involved in osteoclast differentiation, migration and activation (Sodek et al. 2000) . Furthermore, osteopontin seems to have a role in the adhesion of osteoclasts to bone and the formation of their ruffled border zone for resorption. In their studies on native and osteoarthritic human bone, Luukkonen and coworkers (2019) confirm and extend data obtained for animal bone on osteopontin secretion by osteoclasts and its deposition in the resorption lacunae using immunogold field-emission scanning electron microscopy and mass spectrometry, as well as immunohistochemistry. They also show that osteopontin is secreted by osteoclasts using slices of carbonated hydroxyapatite free of pre-deposited proteins. This novel method permits the analysis of proteins secreted by osteoclasts cultured on resorbable material. By lectin histochemistry, the authors could detect α2,3-and α2,6-linked sialic acids, mostly as part of O-linked glycans, in the resorption lacunae and report experimental evidence that sialylated glycoproteins may be of importance for osteoclastic differentiation. The authors conclude that osteopontin is a key protein secreted by osteoclasts and deposited in the resorption lacuna in human bone, and is detectable in osteoarthritic calcified cartilage.
Hair cell damage in hearing loss
Damage to sound-sensing cochlear hair cells can result in hearing loss and other pathologies such as tinnitus. Since hair cells are terminally differentiated sensory cells, they possess very limited capabilities for repair or regeneration. This has led to a search for the signaling pathways involved in hair cell damage, with the goal of identifying potential therapeutic treatments to prevent damage from occurring in the first place. To this end, Shinkawa and colleagues (2019) have investigated the potential role of diacylglycerol kinase (DGK) in cochlear pathology, due to its well-known role in various other tissues and cellular pathology conditions (Goto et al. 2007 ). DGK consists of a family of ten isoenzymes, where phosphorylate diacylglycerol produces phosphatidic acid, and through this action exerts a regulatory effect on some intracellular signal transduction pathways. Shinkawa and colleagues (2019) analyzed the expression and intracellular localization of several DGK isoenzymes in normal and stressful noise-exposed guinea pig cochlear tissue, using RT-PCR and immunohistochemical methods. RT-PCR demonstrated abundant expression of mRNA for DGKα, DGKε, and DGKζ, whereas other DGK family members were only weakly expressed, or not detected. By immunohistochemical analysis using both cryosections and whole-mount cochlear preparations, the authors focused on isoenzyme DGKζ, which has been associated with cell death mechanisms under a stressed cellular environment in other tissues. Beautiful confocal images of DGKζ immunoreactivity from both types of sample preparation revealed specific staining in the nuclei of multiple cochlear cell types, including inner and outer hair cells, and support cells. Likewise, immunoreactivity was observed in the nuclei of supporting spiral ganglion neurons, but was absent from glial cells. Moreover, in a 1-week noiseinduced damage model of cochlear, DGKζ was detected in the cytoplasm of noise-vulnerable outer hair cells, having undergone nuclear-to-cytoplasmic translocation. Interestingly, and in stark contrast, DGKζ did not translocate from nucleus to cytoplasm in noise-resistant inner hair cells, suggesting that the cytoplasmic translocation of this DGK family member may be involved in cellular damage induced by noise-related stress in the damage-vulnerable cochlear outer hair cells. Thus, the authors suggest that a therapeutic intervention directed towards preventing the cytoplasmic translocation of DGKζ in cochlear outer hair cells subjected to loud noise may attenuate the resulting delayed cell death and thereby the related hearing loss.
Protein kinase C orthologs of zebrafish retina-in quest of cross-reacting antibodies
Bipolar cells are signal-integrating interneurons of the retina that link the light signal from photoreceptor cells to projecting ganglion cells (Martemyanov and Sampath 2017) . Antibodies raised against protein kinase C (PKC), in particular those against PKCα and/or PKCβ, are commonly used markers for bipolar cells (Haverkamp and Wässle 2000) . In mammalian and non-mammalian vertebrates, many subtypes of ON-bipolar cells have been distinguished based on their morphology and connectivity pattern (Wässle et al. 2009 ). In zebrafish, five prkc genes were identified and transcripts of four (prkcaa, prkcab, prkcba, prkcbb) were found to be expressed in different parts of the retina. However, PKC antibodies raised against zebrafish peptides or proteins are not available. Furthermore, it is neither known which subtypes of ON-bipolar cells are labeled by commercially available antibodies against bovine and human PKCα and -β nor to which extent there is crossreactivity between the different variants. For this reason, Haug and coworkers (2019) have performed an analysis of the retina of adult and larval zebrafish by combining FISH and confocal double immunofluorescence microscopy as well as a Western blot analysis of recombinant zebrafish cPKC proteins. Using ISH and FISH, prkc transcripts were found to be expressed in overlapping but distinct patterns in the retina. For confocal immunofluorescence and Western blotting, different commercial anti-PKCα and -β antibodies were used: rabbit antihuman peptide PKCα NBP1-19273 from Novus, Abingdon, UK; mouse monoclonal anti-bovine brain PKCα MC5, NB 200-568 from Novus; mouse monoclonal anti-bovine brain PKCα MC5 from Genetex, and rabbit anti-human peptide PKCβ1 C16, SC209 from Santa Cruz Biotechnology. The plethora of obtained results led the authors conclude that the various tested antibodies (1) labeled a subset of ON-bipolar cells of both the scotopic and photopic pathway (BON s6L or RRod type and BON s6), (2) were neither pan ON-bipolar cell markers nor specific for a single PKCα or PKCβ variant, (3) rather labeled different bipolar cell subtype populations and (4) recognized multiple PKC paralogs.
